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APPLICATION OP S0U*0?v DYES 

as corms 

AT HIGH TEWmATim 

smmnr 

Tit* pttxpom of this investigation was twofold. The 
first, sad mors general, aim was to contribute , ia soma small 
measure, to the knowledge of dyeisg by determining what baas* 
fits, if aay , can b» realised from tbs high temperature 
technique is applying sulfur dyes to cotton. in this in- 
stance , it is considered that area negative information sill 
be of considerable value if only by virtue of the fact that 
the question must be answered if the field of high temperature 
is to be explored thoroughly. The second, a ad more specific, 
sim was to determine whether industry can utilise profitably 
the high temperature method in applying sulfur dyes to cotton 
with ao more special equipment than the pressure-closed 
dyeing systems that it already has at its disposal, in this 
instance, only positive inf ores t ion ie of value. 

Soring the dyeing phase of this work, dye-house-like 
conditions were maintained in preference to laboratory con- 
ditions to satisfy the above-meat iosed second aim. The 
dyeings ware performed in a Horton one-pound package machine, 
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modified to permit utilisation of the entire dyebeth at the 
high temperature rather than only about half the dyebath, as 
tea the case prior to modification. 

Fire sulfur dyes, representative of the ranges of 
light-fastness and wash-faetnesa available to this class, 
mere selected for use la the problem. Four one-pound packages 
of cottoa yarn mere dyed with each color j tve rune being 
aade at a normal temperature of 190° F. j and tve rums being 
made at a high tempera tore of 250° F«, under sufficiently 
controlled conditions to provide a basis for comparison, 
d preliminary high temperature run mas made to determine the 
optimum duration of the high temperature phase of the dyeing. 
All subsequent high temperature runs sere conducted in 
accordance with this determination. The normal temperature 
rune mere conducted, insofar as nan practicable, in accordance 
with the procedures recommended by the manufacturer of the 
dyestuffs. 

The results of the tno techniques mere compared, for 
each dye, on the following bases: 

(1) the duration of the dyeing cycle 

(2) the exhaust ion of the dyebeth 

(3) light-fantaesa 

(4) wash~fnstncs 0 

(5) the residual strength of the dyed yarn. 

In every case, the high temperature technique proved 
superior to the normal temperature method both in the 
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duration of dyeing cycle and lo exhaustion of ths dye bath. 

Vo sigaif leant sacrifice of light -fastness , sash-fastness, or 
yarn strength was ©sperieaced. 

Tfco Moat valued f lading of this thesis Is tbs fact 
that certainly equal, and, in assy cases, better, dyeing: 
results can be obtained through the use of high temperature 
techniques at a thirty-three per cent saying in tine. 

The side range of variation between the perforaeacee 
of the individual dyea points to the possibility that none 
members of this class any not be applied profitably at a 
high temperature. Sx tensive research efforts on the part of 
individuals throughout tbs eerld have established the value 
of the high temperature technique sufficiently sell to mar rant 
side-scope research oa the part of the dyestuff manufacturers 
into the adaptability of each of their dyes to application at 
a high temperature. It Is suggested that such information be 
put at the disposal of the dyeing industry, eo that those 
sho are able to could avail themselves of the economies and 
other benefits to be realised from the use of high tempera turns. 
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CEAPTKE X 
IffTJiOmJCTION 

The year 1873 Mrkfd the ioception of sulfur dyea 
sues two Inspired Frenchmen, Croissant and Bretoaalere , 
giving full reign to thsir imaginations and hopes, Ml tod 
sulfur nnd sodium sulfide together with enedust , blood, 
pent. Sad other "organic substances" to cone up with s 
successful coloring setter which they proceeded to none 
'Cache*! do Laval". The connection with *tavai* lo not 
known, but the word , *cachou*, goes bock to the Malayan 
word, ‘catechu*, which refers to various products of par- 
ticular tropical plants which ware used for dyeing, tannins, 
and oven for preserving fish nets. Za view of the fore- 
going, it ie easy to understand the inability of either 
Croissant or Bretosniere to produce a satisfactory 
description of the exact chemical constitution of their and 
product . Unfortunately, this stigma of uncertainty has 
plagued the sulfur dya throughout its history , oven to the 
present day. 

Xt is only fair to say, however, that a good deal of 
the mystery has bean cleared away as far as the modern sulfur 
dye is concerned . The work started only twenty years after 
Croissant and Bretoaalere *s experiment when, in l£$3, Vidal, 
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another Fren chain, melted sulfur and sodium suit ids togetbsr 
with intermediates of known chemical constitution, para 
snisophenol and dinitrophenol, to produce • black sulfur dye 
of immediate success, appropriately named, 'Vidal 1 * Black’ . 
Using such intermediates of known chemical constitution, of 
course, equips the experienced chemist with considerably 
sore information on which to base an opinion se to the con- 
stitution of the end product. Work has progressed at length 
to the point where, in current tines, the chcsical consti- 
tution, end even the structure, of the building unite of 
sulfur dyes is known. But the arrangement of these unite 
in the dye structure end the exact number that go to sake up 
a complete molecule are still matters which tews not been 
determined with requisite scientific accuracy « 

The entire difficulty in the matter stems from the 
feet that sulfur dyes, el best, are mixtures of products of 
the original members of the reaction. The sulfur dyestuff, 
itself, which would be the chief coloring agent in the mix- 
ture, is extremely difficult to isolate, As it approaches 
purity, it becomes less and lesa soluble , even in the alkali 
sulfide solutions normally used to dissolve the dyes. 

The sulfur dye’s indifference to chemical analysis, 
h o wev e r, has not detracted from its long-standing success end 
popularity. Though the full range of colors is not available 
in the sulfur dyes, end though the colors that are available 
produce far from brilliant shades, the c h e ap n e ss of tits dye 
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end its generally good fastness to light, sashing, and crocking 
have aside it a as torsi choice for heavy cotton fabrics, 
industrial fabrics, and eork clothing , For years , tbs dye- 
stuff industry has produced score sulfur blacks then say other 
dye, sad, to this day, they stand a song the top three or 
four dyes in production. 

In recent yea re, sulfur dyes have lost a share of 
their original popularity to never, or improved , competitive 
products. However, the development of a dyeing technique 
which would iwprove upon the efficiency of present methods 
could do much to bolster the status of what is, essentially, 
a good dye handicapped with poor exhaustion properties. 

The wost important recent development in the field of 
dyeing textiles, the high temperature technique, could offer 
some promise for this class of dyes, it has already led to 
signal success in applying colors to the feard-to-dye" syn- 
thetics, and It greatly speeds the dyeing of wool (1). The 
whole science of dyeing ie bleed almost solely on empirical 
knowledge. If all the benefits to be gained from the u me of 
the high temperature technique are to be realised, then the 
fund of the empirics 1 knowledge of dyeing must be enlarged to 
include the various effects of high tempers tores on ell 
dyes and fibers in their usual combinations. This work Is 
lateaded to supply some of that information for the sulfur 
dyes and the cotton combination. 

High temperatures work to advantage in many dyeing 

operations through various mechanisms, all stemming from the 



4 



then* l energy increase of the fiber-dye hath system. For 
the fiber , the additional beat aide is smelling the mass, 
time serving to enlarge the sacro-molecular interstices. 

This, of course, provides easier entry for the dye select*!*, 
or aggregate, into the interior of the fiber. 

As for the dyes, very fee are knows to go into 
complete solution at room tempera turn In the usual dyabath 
concentrations. Instead, they tend to form aggregates of 
a aye here up to one hundred molecules, depending upon the 
nature of the particular dyestuff under consideration. This 
work* to no advantage in the dyeing operation. The dye 
molecules, themselves, are characteristically large in 
structure, of tea approaching the Interstices of the fiber in 
sine. Common aggregations of these massive molecules can, 
and often do, exceed the else of the interstices , Good dyeing 
cannot he realised if the dye particles are too large to 
enter into the interior of the fiber. 

Eowever, it is also known that an increase in the 
temperature or an extreme dilution of the solution mill sot 
to break down these aggregates. Since s very dilute solution 
does sot serve as a good working dyebath, the only practical 
may to reduce the degree of aggregation of the dye is to 
raise the temperature of the bath. Some dyes mill disperse 
satisfactorily at, or below, the boiling temperature. Others 
mill not. Most dispersions can be Improved by raising the 
temperature above the boll. 
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High temperature also increases the Migratory activity 
of tbs dye particles. This causes earlier and better pene- 
tration of the fiber by the dye, Zt also encourages better 
levelling of the deposited color. A dye, by its own 
definition, oust have a characteristic affinity for its fibsr, 
Xt derives its affinity trow hydrogen bonding or rssidual 
valences, Rarely do s dye end a fiber conbine cheaieally 
in the comeon sense of the word. Under nornel conditions, 
remembering that they never lose their tendency to aggregate, 
the dye particles often sectoral! te on selected areas of the 
poods at the expense of more lightly laden areas. Under 
higher tenperstures, this tendency Merely to aggregate os the 
fiber le counteracted by the higher kinetic energy generated 
by the heat. The dye particles which would be in excess in 
any one area receive sufficient Motive force to Migrate to a 
aiore sparsely laden area where the opportunity for permanent 
bonding with the fiber is Much greater. The end result is 
better levelling of the color. 

The problee at hand was to detemlae whether these 
high temperature principles can be applied profitably to the 
dyeing of cotton with sulfur dyes. To be profitable, the 
operation Must save either tlae or Material. 

ftcrmally, sulfur dyes do not exhaust well. The cotton 
preferentially absorbs only twenty to thirty per cent of the 
dyestuff fron the bath. For economy's sake, the one bath 
suet be used for several runs, with periodic replenishment 
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of the exhausted dye increment. This cannot be continued 
indefinitely , though. The dye does age on standing, and 
sill lose soa* of its coloring strength as a consequence . 
Eventually, the standing hath aunt he replaced with an en- 
tirely fresh one. Zf the exhaustion of the dyebeth could he 
increased, then, literally, less Material and nosey would go 
down the drain. 

Even sore important than the saving of Material, since 
sulfur dyes sre relatively cheap, is the saving of tine. 

Tine, in a profit and loss sta tenant of operation, bee ones 
translated into terns of labor and affective enployseat of 
equipment. Both itens sre comacaly asong the nost expensive 
in nost enterprises. If three high tenders turw dyeing runs 
could be completed in the tine that it normally takes to do 
two norasl temperature runs, then, in effect, the production 
capacity of the plant would be Increased autonstically by 
fifty per cent without the addition of a single piece of 
equipment . 

All savings are to no avail, however, if the high 
temperature product is not as good as the normal temperature 
product. The best gases for comparison are fastness to light 
and washing, sad residual strength of the yarn# Kone should 
suffer dessge from the higher temperature, cm*, at least, so 
damage should be so extensive as to offsat any benefits to 
be gained. 
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Unfortunately, we are Illy equipped to engage la 
theoretical conjecture on title setter. Though we ere leers** 
la g fast, too little is now known about the phy* ie o-che*ica 1 
properties of dyes end their fibers. The enigma of the sul- 
fur dye's cheslcal structure askes the problem even wore 
eomplex la this esse. Teaks tsrsssa (2) nicely implies the 
futility of say attempt st prediction when he states* 

Oa the theoretical side* curiously enough, color 
chemistry Is slaosi s virgin field. Our knowledge 
of the relation between the cheslcal constitution 
of dyes and their color ie largely empirical. The 
physicists have sot yet been able to proceed beyond s 
few hydrocarbons la their applies ties of Quantum 
mechanical methods to the interpretation sad pre- 
diction of absorption spectra. Little le known of 
the precise action of light oa dyes when fading takes 
pises, and of any relation between the color sad the 
chemical constitution of a dye oa the one hand and 
its fastness to light oa the other. Concerning the 
catalytic activity of certain dyes is the photo- 
chemical degradation of cellulose, several problems 
remain unsolved. The theories of dyeing are in an 
extremely rudimentary condition, notwithstanding the 
spats of publications oa the subject from time to tine. 

Moreover, the sulfur dyes are a family only by virtue of 

their common method of preparation, that is, the fusing 

together of various organic intermediates with sulfur, 

sodium sulfide, sad/or polysulfides (3). It is not reasonable 

to expect that any one member will represent the behavior of 

the entire family. 

In view of the foregoing, only one coarse of action 
remained open. The empirical method was the only attack 
which could yield sufficiently concrete answers for the 
solution of this problem. Any theorising was beyond its scops 
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and will b« left for the time when oar knowledge of sulfur 
dyes end the chemistry of dyeing is less sketchy then it is 
st present. 

The moat thorough treatment of the theory of high 
temperature dye lag is that dons by Drijvcrs (4) , a ad his sill 
be the guiding principles in the handling of this prohles. 

The following is a review of those principles. 

Dyeing can be considered to be s physico-chemical , or 
s purely chemical, reaction. This reaction is reversible , 
and will reach an equilibria* eventually. The state of the 
equilibria* end the tine within which it is established are 
functions of the temperature under which the reaction is 
carried out. 

There are three phases involved in the dyeing cycle. 
The first is the partial diffusion of the dyestuff in the 
bath toward the surface of the fiber. Hie dye molecules, by 
virtue of their residual valences , also tend to aggregate 
together in the dye bath. The degree of aggregation differs 
from one dyestuff to another. For each temperature, there is 
s corresponding state of equilibrium between the quantity of 
dye in the molecular state end the quantity of dye in the 
aggregated state. 

The second phase is the adsorption of the dye by the 
fiber. The molecular ly diffused dye is brought into contact 
with the fiber by the circulating bath. The adsorption 
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phenomenon proceodn up to the point of the equilibrium that 
corresponds to the particular temperature prevailing. 

The third phase la the diffusion of ths dye into the 
Interior of the filer • The dye molecule emit penetrate the 
intercrystalline space* of tie cellulose macro-moleculc » 
Penetration, normally, is sloe and difficult because of the 
mechanical resistance which the dye meets in progressing 
through the fiber. Consequently, the dye piles up and 
rapidly accumulates on the surface of the fiber, hastening 
the state of equilibrium. A* a result, adsorption stops, but 
diffusion into the interior of the fiber is encouraged. High 
temperature greatly aids in the penetration process. Tbs 
addition of electrolytes does encourage an early arrival at 
the state of physico-chemical equilibrium, hut tempera tors 
still remains as the primary determinant, 

A dynamic system of a dyebath and a ease to be dyed 
cannot be driven toward practical exhaustion until a tine- 
torial equilibrium has been reached between the entire mass 
and the whole of the dyebath. This consideration le of prime 
importance to level dyeing. The principal factors having the 
power to Influence this system are temperature and con- 
centration of electrolyte. The temperature moat importaatly 
influences the speed with which dynamic equilibrium is 
reached. The manner by which equilibrium la reached, the 
quantity of dyestuff, and the amount of material to be dyed 
in its presence at the moment of equilibrium ere character- 
istics belonging to each individual dye. 
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Practical application of these principle* involves 
raising the temperature as rapidly as possible to tbs point 
scat favorable to the speed of diffusion of the dye and to 
the early eatabllahaant of the physico-chemica 1 equilibria** 
This promotes good penetration and levelling * Then the bath 
is cooled to the point most favorable to exhaustion. The 
addition of electrolyte sill increase this value. Xa essence, 
the technique is tbs reverse of the noreel order of dyeing. 

Perhaps the Most ambitious undertaking in high tem- 
perature rese arch van the work dona by the Philadelphia Section 
of the American Association of Textile Chemists and Colour- 
ists (8). Their announced purpose see to investigate, 
briefly, the behavior of every class of dye and all the combos 
fibers under high temperature. Their report is the only one 
that carries any information on sulfur dyes at high temper- 
atures. They vorked eith five dyes of this class and found 
that a temperature of 236° F. mould destroy up to five par 
cent of the coloring poser, though in one case (Sulfogeas 
Golden Breen ECF) improvement of five par cent mas sheen. 

They offer the opinion that the cotton fiber should be able 
to mithstand the seme temperatures and conditions of alka- 
linity in sulfur dyeing that it doss in kier boiling. 

In their actual dyeing runs, they padded cotton fabric 
mith a solution of thirty grams par liter of dye solubilised 
in an equal amount of sodium sulfide. This they dried and 
then treated in a glass pressure tube eith a one-to-ten 
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fabric-to-feeth ratio of seven and oae-ha If grass par liter 
of sod item sulfide at a temperature of 23® v ' F, for thirty 
minutes. They judged thair rasulta by a visual rating of the 
tinctorial strength and shade, and found an lac mesa in 
strangth in every case but oaa which did, at least, aqua! tha 
results of the norm aX t capo ra turn run of 180° F. 

Tha high temperature produced no change in tha dye*’ 
original fastness ratings. 

They did not attespt to area sure and cospa re bath ex- 
ha nations. 

Thair findings indicated that, though tha tinctorial 
strengths of ths sulfur dyeings at high teaperature increased 
only slightly, good dyeings sight be obtained by such shorter 
periods of exposure to the high temperature. 

Ammft their general conclusions, they state that high 
temperatures greatly inereaae diffusion and penetration, and 
that speed, levelling, and diffusion gains sake high tem- 
peratures worthy of adaption to high-speed , continuous dyeing 
processes where volume production can sake the most of ths 
econosies to ba gained* 

Siss arsa n <1>, though not referring directly to sulfur 
dyes, does list some of the sore important general aspects of 
high temperature dyeing* 

He reports that high temperature dyeing is fifteen 
years old* Pressure, Itself, has no effect on the process, 
but Is used merely to arrive at teaperature* above the boil. 
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The rates of most cheaical reactions increase sith tempera- 
ture, and the rats of dyeing similarly increases. However, 
sons dyes decompose when held at a high temperature for 
several hours. Most sachines dye at 250° F, sad forty pounds 
gag e pressure. Little advantage is gained by the use of a 
higher temperature. 

Dyeing takes place by the diffusion of dye molecules 
into the intermicellar spaces of the fiber. Fiber swells in 
enter, wool, in particular, undergoes greatly increased 
swelling as the temperature is increased. At the ease tine, 
the rate of diffusion of the dye particles increeses with 
temperature and with a decrease in their else. Few dyes are 
known to go into molecular dispersion in aqueous solutions. 
They commonly aggregate into groups of from two to ten mole* 
cults, sometimes as many as a hundred molecules. The degree 
of aggregation varies inversely with the temperature. 

In aumaatlon, high temperature promotes dyeing by lu- 
cre* 8in£ the pore sixes in the fiber; by decreasing the else 
of the dye particles; and by increasing the rate of diffusion 
of the dye. Celluloslc materials do not respond to high 
t emp e r atures as well as do protein materials. Also, under 
equal conditions, a fiber at equilibrium takes up less dye at 
higher temperatures, but the rate of diffusion of the dye is 
Increased. In general, high temperature dyeing takes leea 
time and produces equal or better fastness ratings in com- 
parison with normal temperatures. 
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As for damage to textile fibers, s one suffer signifi- 
cantly fro* exposure to high temperatures for e short period 
of time, with the exception of cellulose acetate. 

With the exception of Dr ij vers* cork, it appears that 
practically ell high temperature research has been dons using 
laboratory techniques and highly specialised equipaent such 
es mercury column seals, pressure-different la 1 platfors 
valvea, and high-pressure glass capsules. Kona of these hold 
greet promise for economical reproduction on an industrial 
seal#* Further, no reports have been found dealing eith the 
specific aspects of high temperature application of sulfur 
dyes under simulated dye -house conditions* it is felt that 
this work can help to bridge the gap between laboratory and 
dye-house by attempting to provide e severs which will reflect 
directly upon considerations of immediate practical appli- 
cation of sulfur dyes at high temperatures on e commercial 
basis* 
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CHAPTER XX 

XHSTRmBSHTATXOH AMD BQUXPHEHT 

The following list comprises all the 1 texts of special 
equipment used la this problem; 

Horton Twe Ire-Pound Package Machine 
Horton Ome-Pouttd package Machine (Modified) 

Atlas Fade-Ometer 
Atlas ieunder-Ometer 
toast rou Colorimeter, Model 402-E 
With the exception of the modified Horton One-Pound 
Package Machine, all items of equipment are standard manu- 
facture? *s products, available on the open market, and re- 
quire no special descriptive treat seat . 

the Horton Qne-Poimd Package Hachise was atodif led by 
the addition of a stainless steel cover which can he bolted 
to the top of the expansion chamber. This seals the chamber 
free the atmosphere and permits the entire dye bath to be 
circulated under high temperature. 

Before modification, the expansion chamber had to be 
closed off fron the remainder of the system by means of 
valves whenever it was necessary to met high temperatures. 

Any dye solution remaining in the expansion chamber, of 
course, could not be used during the high temperature phase 
of the dyeing. This resulted in the loss of all control over 
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dyft-buth ratio*. Two view of the atodified sechln* are 
shewn in Figures 1 sad 2. 

A view of the tawetron Coloriseter, H«Jel 4022ME* is 
shows is Figure 2, 

All other OQuipaent are standard Itena cccaonly found 



in say Is bora t cry connected with cheaiotry snd dyeing. 
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Figure 1. M 0 i‘ton One- ound Package Machine (Modified) 
Top View 
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Figure 2. Morton One-Pound package Machine 
(Modified) , Side View 
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ure C. Lumetron Colorimeter, lodel 402- 
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CHAPTER III 

FfcocEmms 

Characterisation of the Yarn . — The cotton yarn to be used in 
this problem was first characterised with rega**d to else, 
twiat , cad breaking strength in accordance with the American 
Society for Testing Materials Standard Test to lf-0-52? (C) , 

It see found to be a number 16 single-ply yarn with a Z tsiat 
of 18.1 turns per inch and with a breaking strength of 1*15 
pounds. The strength, however , was found to be highly irreg- 
ular, varying free 0.® to 1,62 pounds. This irregularity is 
expected to affect the accuracy of the strength testa om the 
dyed aasplea. The results ere shown in Tables 6, 0, and 10. 

After characterisation, the yarn sas wound on per- 
forated, stainless-steel dyeing tubes to yield around one pound, 
net, per package. 

Sco uring .—Bather than scour each package of yarn singly in 
the one-pound machine just prior to dyeing, the yarn was 
scoured in groups in the twelve-pound Machine, thus saving 
tins in the subsequent dyeing operations. 

In scouring, the yarn was first wet out with one-half 
par cant of TergitoX Penetrant 7 at 180° F. for fifteen 
minutes. Tbs bath was sat, then, at 200° F. , and tbs actual 
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scouring was <3o.se in five per cent sodium hydroxiae , three 
per cent codluw carbonate, and one per cast soap flakes for 
one hour, All percentages are based os to© net weight of the 
yarn, The bath was drained, and alternate hot and cold 
rinses were applied until red Uterus paper no longer registered 
alkalinity in the bath. The packages were hydro-extracted and 
then dried in a hot air oven for thirty-six hours. This was 
followed by a forty-eight hour conditioning at sixty-five per 
cent relative fcunidity and 70° p. 

Staple Preparation ,— Each package of scoured yarn was tagged 
with a number which it would carry throughout the experiment. 

Sight breaking strength tests were wade on each of tea 
packages , five of which were to be dyed at ftorwel tewperature 
(oaa for each dye used), and five to be dyed similarly at 
high temperature. The strength data ware recorded by package 
number to serve as the basis for determining the comparative 
effects on yarn strength of each of the dyes both under 
norsal temperature and under high temperature application*. 

These data are meant to serve merely in the capacity of 
a control and aot aa an exhaustive test, inasmuch as all 
published literature indicates tbit cotton is not expected to 
suffer significantly from exposure to temperatures of the 
order to be need in this experiment (1), (5) , and (7). 

The weight of each package wan determined to within 
one- tenth of a gram. This information was recorded by 
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package number to meree mm the heels for the calculation of all 
weights of dyes sad c basics Is to be used In the processing of 

the packages* 

Color last ry ,~-Colorlsctrlc measurements were used to determine 
tbs exhaustion of the dyebsth* 

Colorimetry is based on two laws (8), The first* 
knows as Lambert's law, states that the amount of aoaochroaatic 
light transmitted by a pure, colored solution is a function 
of the thickness of the layer of the solution through which 
the light ie transmitted* This is expressed mathematically 
as, 

*t ■ v- 1 <» 

where is the intensity of the light transmitted through 
the solution, I f is the intensity of tbe source light being 
directed into the solution, 1 is the thickness of the layer 
of solution, and a ie a constant. 

The second law, known aa Deer’s law, states that the 
amount of monochromatic light transmitted by n pure, colored 
solution is a function of the concentration of the solute, 
in molecular dispersion, in the solution. This Is expressed 
ms these tleally as, 

i t c v-** < a> 

where c Is the concentration of the solution, h Is a constant, 

and the remaining symbols are the same as those named shore* 
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The two lavs cam be eoablntd as follow*: 

•kcl 

I t - I 0 .* (3) 

where kin constant. 

Host color la* tar* arc bast able to measure la tars* of 
percentage transmission of light, T, expressed as. 

It 

T - r- loo «) 

V 

However, transalas ion do** not vary linearly with 
concentration as doe* optical density, D, equated as, 

!> * a L©£ 10 ™2 ( 6 ) 

This aquation can be combined with (3) as follows: 

0 » feel or, <«) 

0 s eel (7) 

where c is expressed in soles per liter, 1 is expressed in 
centimeters, end e ie the molar extinction coefficient. The 
extinction coefficient is equal to the optical density of a 
one-centimeter thick layer of a one solar solution of the 
particular substance under investigation. 

Formula (5) la the one normally used with a colorimeter 
that reads la terms of percentage transmission of light. 

Under Ideal conditions, and when plotted on a se»l~logaritfcs 
paper against values of concentration of solution, it should 
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yield a perfectly straight line. The ideal conditions referred 
to include bavins * perfectly monochromatic light source end 
s perfect molecular eolation. In the work nt head, neither 
condition coaid he realised. The colorinefer need employed e 
tungsten fi lament white light eouree end n eerie* of filter* 
which transmitted • working bend of light thirty millimicron* 
wide (fifteen millimicron* to cither side of the designated 
ware length). Furthermore, a* had been indicated earlier, 
dye* are rarely known to go into perfect molecular eolation, 
except under special conditions. 

As could be expected, in trial ruaa with precisely 
controlled concentration* of dye solution*, a curve, rather 
than a straight line, resulted from the use of formula (5), 

As a trial, value* of concentration of solution were 
plotted against percentage transmissioa light readings taken 
directly from the dial of the colorimeter. The resulting 
line wae no more curved than that generated by formula (5) , 

It was found to work very well in determining the concentration 
of a solution from s percentage transmission of light reading. 
It was then decided to construct a graph for each dye in that 
form. See Figures 4 through 8. 

The capacity of the dyeing machine, with a one-pound 
package of yam Installed, wee accurately determined. This 
volume wee found to be fourteen liters. It wae adhered to 
strictly in all dyeing runs, making due allowance for the 
dye solution and the emit solution to be added during the run. 
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A tea per cent dye lag maa decided epos for all runs 
since thlm represented a maximum dyeing for sulfur dyes.. Thin 
percentage on a one-pound package in fourteen liter* of bath 
yield* an initial concentration of a little nor* than three 
£vma per liter. Thin ia too dense a concentration to be read 
on the colorimeter. Eoeever, if the solution ia diluted to 
one one-hundredth of itn original concentration, it fmlln 
very nicely mlthin the Middle reading range of the colorimeter. 
This determined that the graphs mould have to be constructed 
for a range of concentrations of from 0.050 to 0*010 gram per 
liter. 

The calibrating solutions mere prepared by neighing out, 
cm the analytical balance, exactly one gram of dye, one gram 
of sodiun carbonate, two grams of comm salt, and from one to 
four grams (dependent on the dye) of crystalline sodium 
sulfide of reagent grade. The dye, soda ash, and sulfide mere 
slurried eith mater and boiled for one minute. Three hundred 
milliliters of enter mere added and the solution mas boiled 
for another minute. Then it mas cooled to room temperature to 
prevent expansion mhsn poured into the volumetric flash. 

The salt mas dissolved separately and then mas added 
to the solution. The tmo grams of salt represent, exactly, 
the tmeaty per cent salting that each dyeheth mould be sub- 
jected to prior to the end of the run and the draming of the 
aliquot portion sample of the dyebath for colorimetric measure- 
ment. 
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Sufficient ester ess a dded to the solution in the 
volumetric flask to sake exactly one liter of solution* The 
solution ess ace as exact proportional representation of the 
composition of the dyebath. 

Fifty Milliliters of the solution ears drawn with a 
volumstric pipette and were Mixed with four hundred and fifty 
Milliliters of water in a five hundred milliliter volumetric 
flask to yield a concentration of one-teath tram per liter* 
From this last as s working solution, concent ra t ions 
of 0*050, 0*040, 0*030, 0*020, and 0*010 grew per liter were 
then prepared la a fifty Milliliter volumetric flask* 

This procedure of dilution was conducted to reduce the 
percentage of relative error to aa small a value as possible* 
once the solutions wars prepared, it mas next aeeesesxy 
to determine which filter would be the moat appropriate for 
each dye* A solution with a specific color will absorb more 
light of one wave length than it will of another* As an 
extreme example, a pure red solution will transmit one hundred 
per cent of a light having a pure red save length, regardless of 
its concentration . Consequently, so changes ia readings could 
be obtained by varying the concentration of the solution. The 
most appropriate light is the one to which the solution will 
appear to be most opaque, or optically dense. The filter pro- 
ducing that light is tbs cam which must fee used. 



With the 0.050 gre* per liter concentration as the sub- 
ject Maple, reeding* acre taken for each of eleven filters 
covering the entire apectrua of visible light. The filter 
yielding the least transnission, or the greatest absorption, 
of light was selected for use with the particular dye being 
Measured. These absorption values are shout! for each dye in 
Tables 11 through 15. 

West, sith appropriate filter installed, readings of 
light transmission eere taken for each of the concentrations 
of solution previously prepared. These values are shoes for 
each of the dyes in Tables IS through SO. 

Graphs eere constructed by plotting concentration of 
solution, in grass per liter, against corresponding percentage 
trenesisaioa of light readings. These graphs ears usad as the 
yardstick in detsraising the final concentration of the 
exhausted dyebsth at the end of each dyeing run. 

TO prepare the dyebsth staples, a portion of the hath 
eaa drawn from the dye ehasber bleed-off with the bath clrcu** 
lating from the outside to the inside of the package. This 
Maple ms cooled to room temperature. Then one Milliliter 
ms pipetted fros the Maple and was mixed with tap eater to 
fill a one hundred Milliliter volumetric flask. This solution 
Ms then Measured is the color teeter. 

In operating the eoloriaeter, one-oent factor cuvettes 
eere used) tap eater ms used ae a standard reference solution 
for the purpose of aorolag the Instrument; and a sensitivity 
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of fifteen gnlvnaonetev graduations to ten tranaiiissiou dial 
graduations mm need. 

Dyeing ««—Zn every dyeing rim, e ten per cent dye concentre ticm, 
be end on the eelght of the y*ra, ete need. The dye ene neighed 
oat on an analytical balance to tbe thousandth of a gran, da 
•pel eoight of soda aeh t and various selgikts of crystalline 
scdlun sulfide of reagent grade eere used ae the alfealine 
solvents needed to drive the dye Into aqueous eolation* 

Teeaty per cent salt, baaed on the eelght of the yarn, eaa 
dissolved eeparately for later addition to tbe bath, 

The dye, soda ash, and sulfide mere slurried with ester 
and ease boiled one Minute, The volume sea brought up to 
five hundred Milliliters eitb ester, ead ees boiled for another 
e lusts. 

The salt eae aade up into a five hundred Milliliter 
solution eith eater and eae heated until dissolved. 

Prior to the actual dyeing run, each package ees eet 
out eith teo grans of JXtponol RA for fifteen Minutes at 160° F. 
The eettleg oat bath eaa drained, and all residual sotting 
agent ees rinsed off la a cold, running bath to prevent 
f casing during the dyeing run. 

In the aorsal temperature rusus, the bath, amounting to 
thirteen liters of eater, ees set at 190° F. The dye eae 
added in teo equal portions, one with the bath circulating 
fros tits inside of the package to the outside, sad the other 
eith tbe bath circulating from the outside of the package to 
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the Dyeing mae allowed to proc eed tor twenty minutes 

at 100° T, Thu direction of circulation of the bath mas 
alternated every five minutes. 

Salt mas added to the bath over the following fifteen 
minute period, at the rate of about forty milliliters of 
eolation every minute. The direction of circulation mas 
alternated for each addition of salt. 

ftyeing mas allomed to proceed for an additional tmeaty- 
five minutes at 1S0° F# The direction of circulation mas 
alternated every five mlnutee. 

A cample of the exhausted dyebath mas drama at the end 
of the sixty minute dyeing cycle, to be measured for con- 
centration in the colorimeter. 

The bath mas drained, and a running cold mater rinse 
mas applied until the bath ran clear. 

Tso hot rinses of 160° ? # mere run for tea minutes each. 
The package mas then meshed ia one-half gram of Bupoaol £A 
at 120° F. for ten minutes. 

The bath mas drained, and a last running cold rinse 
mas applied until the netting agent foam and bubbles dia- 
appeared. 

The package mas removed from the machine and win hydro- 
extracted. It mas dried in the hot air oven for twenty-four 
hours, and then if mas conditioned at sixty-five per cent 
relative humidity nod 70° F. for forty-eight hours. 
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Tli* high temperature rum were conducted la precisely 
the mm manner with the exception of the actual dyeing cycle. 
The bath eae mt at 190° F. » and the dye eas added in teo 
<Ktml portions, ae before. The top of the expansion change? 
eas bolted into place tad the temperature eae rained to 
250° F. within ten minutes . 

Dyeing eae allseed to proceed at 250° ?, for fifteen 
minutes. The direction of circulation eaa alternated every 
five minutes. 

The temperature eae dropped to 199° F« by forced 
cooling. The top to the expansion cheaher eaa removsd, and 
aalt eaa added in exactly the mm a* near as eaa done in the 
unreal temperature run. 

The na eaa terminated iaaodiately after the fifteen 
minute melting phase, and a sample of the exhausted dyebath 
eta taken for colorimetric aeaaureaent of concentration. 

The remainder of the treatment mas exactly the ease ae 
that for the normal temperature run. 

The period of fifteen minutes for the high temperature 
phase eas determined by a prolonged preliminary run, during? 
ettich samples of the bath mere taken ns the temperature see 
being mimed; while the temperature earn being held at 250° F; 
na the temperature mam being lowered; and after malt eaa 
added. The remulte of tire run are shown in Table 2. During 
the high temperature phase, the best exhaustion (as indicated 
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by the highest trsnu*tsaioa of light reading) vies reached after 
twenty minute* At 250® F. 

Because of the proseur* on the system caused by the 
high tmpcrature, the samples ear* tapped through a bleea-* 
off on the temperature gaga and pressure gaga by~pe»s line. 

This included about one foot of tubing in mhicfc the dyabafh 
retained stationary a hi la the valve van closed. In considers* 
tioa of this, it via fait that the leadings from the tap nest 
lag the actual condition of the dyebath by at least five 
minutes. Thus, a high temperature phase of fifteen minutes 
mas selected. 

A total of twenty dyeing runs were aside, two for each 
dye at each temperature. It was felt that any one net of 
results was consistent enough to form the basis fox* a com* 
peri eon, 

Pyed Yarn strength . ""Eight break tests were made cm each 
package of yam for which breaking strengths had been recorded 
previously. The pas t-dyolng strengths were compared with the 
pre~dy*lmg strengths, sad the change in strength for normal 
temperature dyeing was compared with the change in strength 
for high temperature dyeing* The results of these tests are 
shown in Table 31. 

y*lght«Fastnes» Tests .—idcht-f tat seas testa were conducted on 
the dyed yam in accordance with the procedures described in 
the A.A.T.C.C. 1253 Yearbook (9). The samples, all together 
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in one group, ttri exposed to the are-light of the Fade- i»o ter 
for four twenty-hour ltic resents* Fading eaa determined by 
visual Inspection of the exposed sections under natural light* 
The first section to shoe appreciable change of shade determined 
the rating of t be sasple* 

yaah-gaatness Tests .--eaah-Tastaess Test Humber Three, 
described in the A .A* T.C.C. 1053 yearbook (10), see applied to 
knitted samples of the dyed yum* In the test, bleached 
cotton sheeting ess seen to the beck of the ssnple which 
Measured two by four inches. The snsple ess nulled in a Mason 
ilar containing tea standard steel bells and one hundred Milli- 
liters of s standard solution of 0*3 par cent ecep and 0*2 par 
cent sods ash* The sample see run in the launder-Qaater for 
forty-fire Minutes at 160° F« 

The sample eas removed and sashed twice in rinses of 
one hundred Milliliters of eater at 105° f. by shaking 
vigorously for one Minute* Then it eas soured in one hundred 
Milliliters of a 0.05 per cent solution of acetic acid at 
80° F. This eas followed by a final rinse in am hundred 
Milliliters of eater at 20° F. The snsple eas hydro-extracted 
sad ironed dry with the bleached cotton side up* Any ruani t 
of the dye eas deterMinsd by visual inspection of the bleached 
cotton. 
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CEUPTES IV 

Discussion or sxsum 

Dyeing itesultg .-^Tbe dyes used in this experiseat are listed 
in Table 1. 

Tbs results of the prellsinsry ran used to detsrsiae 
tbs fiftssn slants duration of the high tesperat ura phase are 
shows in Table 2. 

AH of ths norsel temperature dyeing? runs sere sixty 
slants* is duration. Tbs high tsapsratur* runs required only 
forty slants* to complete. This included fifteen siautss st 
250° F. sad fiftssn slants* of salting st 100o f. Ths reselsdsr 
of tbs tins sss used to rsiss and lossr tbs tesperature between 
thsss two lisits. This tiss was s cbaractarietle of ths equip- 
seat used. It is not considered critie*! to tbs dyelag phase. 

It is expected that ths result* would hs just ks good if ths 
lattsr tiss could be shortened or eliminated. This, of course, 
would result is an additional saving in ths tiss required for 
dyeing at ths higher tesperature. 

la every case, appreciable increase is dyefcath ex- 
haustion ess experienced at the high tesperature. The increase 
for each dye was as follows (See Tables 2 through 7): 



Carbon nc? Crain* 17.9% 
navy Blue 4 ncP Supra 34.2% 
Tan 2RCF 32.3% 
Direct Blue WCF 12.3% 
Brilliant Oreea GCF 3.0% 
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Table 1, List of Dyes Used 



Sulfur Dye 


Light 

Fastness 

Rating 


Wash 

Fastness 

Sating 


Sulfogeae Car boa HC F C raise 


7-8 


5 


Sulfogene navy Blue 4KCF Supra 


4 


4-5 


Sulfogene Tan 3SCF 


3 


4-5 


Sulfogene Direct Blue SRCF Coac. 200% 


M 


4—5 


Sulfogene Brilliant Green GCF 
Extra Cone, 150% 


4-5 


1 



Dye Vtnufactorer: I. E, duPont 4s SSseours and Company, Zac, 
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Table 2. Dyeing Cycle Analysis of Sulfogene Csrbon HCF Grains 



Tins 

(Minutes) 


Tenperature 
(Degrees, F.) 


Dyeing 

P bass 


Trscsniaeion 
of Light 


0 


100 


Enter Dye 


51.0 % 


9 


200 


Esiss Tenp. 


51.7 


8 


210 


if 


53.1 


14 


220 


» 


52.9 


21 


230 


W 


54.9 


23 


240 


17 


53.6 


33 


250 


High Tamp, 


54.0 


34 


250 


»? 


54.0 


35 


250 


ft 


53.8 


38 


250 


ft 


53.5 


37 


250 


it 


54.1 


88 


250 


«v 


54.2 


43 


250 


44 


54.8 


48 


250 


*4 


55.4 


53 


250 


H 


58.3 


<3 


*50 


M 


58.3 


87 


240 


Lower Trap. 


55.4 


74 


230 


n 


58.7 


80 


220 


** 


57.8 


85 


200 


salt 


59.5 


108 


180 


Tern! nation 


82.0 



Constitution of Dysbath: 

Weight of Yarn ( Package ffuaber 27) 


428.2 


g*a»s 


Weight of Dye 


42.82 


grates 


weight of Sodlun Carbonate 


42.02 


grans 


Weight of Crystallise Soditm Sulfide 


85.64 


grans 


Weight of Sodiue Chloride 


8.56 


grans 


Volume of Dyebeth 


14. 


liters 


Concentration of Dyebeth 


3.059 


gns/L 
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Tabla 3. Conpariaoa of Dyetath Exhaustions for 
Shilfogaaa Carbon HCF Grains 



Average Exhaustion of 
High Tenperatura Dye baths 


44.7 * 


Avars go Exhaustion of 
Kornal Tanperatura Dye bat ha 


37.9 % 


Gain In Exhaustion by Use of High Ya «*ara tura 


• .8 % 


Relative Percentage inprovement by 
tfaa of High Temperature 


17*9 % 


Tint of ftoraal Tenperature Dyeing Cycle 


60 Bins, 


Tlaa of Sigh Tenperature Dyeing Cycle 


40 nine. 


Gala in Tina by Dae of High Temperature 


20 nine* 


Percentage Gain in Tina by 
Data of High Temperature 


33 % 
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Table 4. Comparison of Dye bath Exhaustions for 
Sulfogene Jfayy Blue 4 RCT Supra 



Average Exhaust! cm of 
High Teepera ture Dyebath* 


34.® % 


Average Exhaustion of 
Korea 1 Temperature Dyebsths 


34.0 % 


Oats in Exhaustion by Dee of nigh Temperature 


8.9 % 


Relative percentage Xsprovenent by 
Dee of High Tespereture 


34.2 % 


Ties of Kcrsal Teapereture Dyeing Cycle 


60 nine. 


Ties of High Tesperature Dyeing Cycle 


40 Bine. 


Gain in Tie® by Dee of High Temperature 


20 Bine. 


Percentage Gain in Tine by 
Dse of High Tesperature 


33 % 
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Table S, CotpariioB of Dytbitb Xi^Kuitlooa for 
Oulfogone Tin 2RCF 



Anri go Exhaustion of 
High Toaporituro Dyobiths 


40.65 % 


Anngo Exhaustion of 
Komi Tenporaturo Dyibitha 


35.2 % 


Gain In Exhaustion by Uso of High Tnporaturs 


11.43 % 


Holt tin Porconttgo lopronwmt by 
On of High Tswpsrsturo 


32.5 % 


Tin of Komi Ttonperaturs Cyclo 


60 also. 


Tin of High Tampon turo eye Is 


40 vine. 


Gain In Tin* by Ooo of High Tonpomturo 


30 sins. 


Percentage Coin in Tin by 
Obo of High Toeperaturs 


33 % 
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Table 6. Cevparisoa of Dyebath S&bauatioas for 
Sulfogaae Direct Blue BKCF Cone* 200% 



Average Ex3*au»tlor of 
High Teaperature Dyebath* 


3S.« % 


Average Exhaustion of 
Korea l Teaperature Dyebath* 


32.? % 


Cain in Exha oat ion by Dae of High Teaperature 


3.9 % 


Relative Percentage Iaproveateat by 
Dae of High Teaperature 


12.3 % 


Tine of Korea! Teaperature Dyeing Cycle 


80 alma. 


Tiae of High Teaperature Dyeing Cycle 


40 aina. 


Cain in Tiat by Uee of High Teaperature 


20 alas. 


Percentage Cain in Tiae by 
Dee of High Teaperature 


S3 % 
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Table 7* Comparison of Dysbath Exhaustions for Sulfogsns 
Brilliant Grssa GO? Extra Cone* 1505 



Avsrags Exhaustion of 
High Tsmparaturs Dysbatha 


45*0 % 


Anns* Exhaustion of 
warm* TfipfriTuro tTioitni 


43*8 % 


On in in Exhaustion by Has of High Tanpsrsturs 


2*3 % 


Fslatirs Paresis tags laprovsatnt by 
Has of High Tswpsraturs 


5*0 % 


Tina of Koraal T**er*ratur* bysing Cycls 


60 sins. 


Tine of High Tanporatur* bysing Cycle 


40 mins. 


Cain la Tins by Gas of High Tasosratuv* 


20 Bias* 


bsresntags Gaia la Tina by 
VK9 of High Tsmparaturs 


33 % 
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The cMdM of the high temperature products were at 
Mot equal to those of the normal temperature products. in 
sons claw they sort slightly hWTiar, or darker, to a barely 
aetiesablo meesure. la the case of the brilliant Croon, the 
high temperature products had a distinctly bluer c krone. The 
Tan dye produced a greener, or olive, east at high temperature, 
la contrast to the redder or yellower chroma of the norael 
temperature product. The other dyes produced the ease color 
at both tespera teres. 

An sffort ess adds to cospars the penetrations of the 
dyes by seans of microscopic cross-section*. Tbs thinnest 
cr o s s » sec t lorn 1 slice that could be aede with the equipment 
on hand eae too and one-half microns. Tha dye eas too dense, 
even in that thin a cross-section, to transmit sufficient 
working light for microscopic inspection. The only general 
conclusion that can be drawn la that at least good penetration 
see obtained. 

Idght-Fastnses Hssults . — All of the dyes broke within sixty 
hours. For each dye, the high temperature and normal tem- 
perature products broke at exactly the same time. The time 
required to produce fading la each dye was as follows: 

Carbon DCF Grains go hours 



Navy Dine 4SCF Supra 
Taa 2ncy 



60 hours 



20 hours 



Direct Blue BBCF 



60 hours 



Brilliant Green GCF 



60 hours 
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Wash-Fa at oe*a Results . —All of th» dyes bled into the bleached 
cotton backing during the JCuaber Three Wash Test, neither the 
high temperature nor the normal temperature product bled 
appreciably more than the other, However, the high temperature 
product did appear to retain nore of its original depth of 
shade than did the normal temperature product. This would be 
due to the heavier take-on of dye that we were able to achieve 
at the higher temperature. 

In evaluating the absolute results of the light and 
wash fastness tests, we mat remember that none of the dyeings 
ess after-tree tad. It is known that sulfur dyes derive some 
resistance to light and washing from treatment with copper 
sulfate or acetic acid. After-treatment was not resorted to 
so that any differences in results could be ascribed directly 
and purely to the difference la temperatures. 

sesidual Tara Strength Results .— Ifelther the high temperature 
product nor the normal temperature product appeared to lose 
any significant measure of strength after being dyed. See 
Table 31 for detailed results. As had been pointed out 
earlier, the yam was very Irregular in strength. Though 
Table 31 shows some increase in strength, it is not safe to 
assume that such was the actual case. This must be ascribed 
to the inherent variation in the yarn. 
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CHAPTER V 

emcimtom 

All of the remarks that follow, until otherwise ouall- 
find, aunt be applied strictly to the five dyes employed la 
this investigation. 

High temperatures can he used successfully and profitably 
to apply the sulfur dye os cotton yarn. A one-third saving 
is time end ss Increase In exhaustion of fro* S.O to 34.2 per 
cent can be had concurrently by using this sethod. This 
saving Is tine refers solsiy to the actual dyeing cycle only. 

The resulting dyed products are, in every usy, as good ss 
those of the normal temperature process, neither the dye nor 
the yarn suffers significantly fros exposure to the higher 
temperature. 

Since a one-third saving is tiss and an inerssse in 
exhaustion were experienced concurrently, it suet be assumed 
that an exhaustion equal to that of the metres 1 temperature 
process can be achieved with as even greater saving In tine. 

The corresponding high temperature dyeing time, of course, 
would have to be determined empirically for each dye. 

Though the qualitative results of this work may, is 
some measure, be an indication of the behavior to be expected 
of the remainder of the dyes in this class, the quantitative 
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result* should sot be taken as slthar criteria or Halts of 
performance for the class as a whole. There is no reason to 
assume that either the host or the worst perforata# weaker of 
this class ass used in this experiment. The ranee of per- 
formances of the dyes used is so wide as sot to preclude the 
possibility that one or were westers of the class will not 
perform successfully at the higher tesperature, By the same 
tc&en, it le not impossible that there Is one or wore members 
which will he superior to any of the dyes weed. 
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CBJUTJKI VI 

BXcoaanmATionK 

Investigation into the behavior of ft mil group of 
dyes under spec 1*1 condition* Is valuable only la determining 
the possible nodes of behavior that any be expected of the 
whole class to which the dyes belong* 

It has bees shoes only that sons sulfur dyes eta be 
need successfully st s high testers tore. Whether sll sulfur 
dyes will behave similarly rest lets to be deterslaed. 

Before the dyelag industry css proceed to use sulfur 
dyes st s high testers tore, it should be equipped with 
empirical information on which of the dyes can be so used and 
on the best procedures for applying than. The oaly authorita- 
tive sources for this data are the dyestuff manufacturers . 

Therefore, it is recommended that the dyestuff Manu- 
facturers collect such information and sake it available to 
the dyeing industry so that it can taka advantage of the 
economise and other benefits that may be realised from the 



of high temperatures. 
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T«bl» 8. T»rm Vuabtr of Scourod, UtKiyod Cotton vara 



towplm 


Waight la Grains 


Tiro 


Xatfbar 


of 120 tarda 


VttPfcrt'T 


1 


57.8 


17.31 


2 


81.5 


16.25 


3 


85.3 


15.25 


4 


81.5 


16.25 


8 


63. 8 


15.65 


• 


63.0 


15.84 


7 


50.2 


16.89 


8 


68.3 


14.63 


9 


88.1 


17.21 


10 


81.8 


16.23 


n 


65.8 


15.22 


12 


81.7 


16.21 


13 


64.0 


15.61 


14 


84.0 


15.61 


18 


80.8 


10.72 


18 


68.6 


14.59 


17 


57.0 


17.29 


in 


81.4 


18.27 


10 


65.4 


15.29 


20 


61.3 


16.20 


21 


63.7 


15.69 


22 


83.8 


15.88 


23 


59.1 


16.01 


24 


88.2 


14.07 


25 


50.7 


10.77 


Total 




400.10 


Avar* go 




18.0 
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Table 9* Taint of Scoured, Uadyed Cotton tarn 
in Turn* per Inch 

Direction of Twist: ”2" 



sanple 

Ktaeber 


Turns 
per Inch 


1 


18,10 


2 


17,50 


3 


18.75 


4 


18.80 


5 


18.10 


• 


18.50 


7 


17.25 


8 


17,60 


9 


19.80 


10 


18.85 


u 


18.39 


13 


19.85 


13 


18.55 


14 


16.50 


15 


18.80 


Total 

Average 


271.95 

18.10 
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Table 10. Slagle 8 tread Breekiag Strength of Scoured, 
Undyed Cotton Tara 



Sample 

Kuaber 


Strength 

(Meade) 


sample 

Humber 


Streagth 

(Pomade) 


1 


1.30 


21 


1.42 


2 


1.25 


22 


1.43 


3 


1.25 


23 


1.32 


4 


1.10 


24 


1.62 


S 


1.13 


25 


1.54 


3 


1.20 


26 


1.10 


7 


1.08 


27 


1.00 


3 


1.02 


23 


0.90 


9 


1.20 


29 


0.96 


10 


1.04 


30 


0.92 


11 


1.14 


31 


1.14 


12 


1.12 


32 


1.10 


13 


1.00 


S3 


1.14 


14 


1.00 


34 


1.20 


13 


0.96 


33 


1.18 


16 


1.20 


36 


1.36 


17 


1.00 


37 


1.14 


13 


0.98 


38 


1.10 


19 


1.22 


39 


1.00 


20 


1.12 


40 


0.92 


Total 

Average 






45.99 

1.15 
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Table XI. Light Absorption Percentages tor 
Suitors as Carbon HCF Grains 



Value of 

Xoaochronstic Filter 
(millimicrons) 


Color 


Percentage 
Tranenieelon 
of Light 


Percentage 
Absorption 
of Light 


390 


▼iolst 


7.0 % 


93.0 % 


440 


Blue 


12.3 


87.7 


485 


Blue 


14.8 


85.2 


490 


Green 


15.6 


S4.4 


315 


Green 


15.5 


84.5 


550 


Green 


14.7 


85.3 


575 


Anfoer 


13.1 


GG.t 


525 


Orange 


14.0 


82.0 


620 


Bed 


13.5 


86.5 


040 


Bed 


12.4 


87.0 


600 


Bed 


12.0 


•0.0 



Coerrweitlon of Solution: 



1 gran of dye 

X gran of sodiun carbonate 

2 grans of crystalline scwiiun sulfide 
2 grans of sodlun chloride 
Sufficient tap eater to nabs o m liter 

of solution 

Tbs above solution ess them diluted to yield a concentration 
of one-tenth of s gran of dye per liter of solution. 

















' » 
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Tab!* 12 • Light Abaorption Percentage* for 
Sulfogane JJivjr Blue 4RCF Supra 



value of 

Monochroaatic Filter 
(sillisicrons) 


Color 


Percentage 
Transsiosion 
of Light 


Percentage 
Absorption 
of Light 


590 


Violet 


55*8 % 


44.2 % 


440 


Blue 


59.4 


40.6 


465 


Blue 


54.6 


45.4 


490 


Green 


39.7 


60.3 


515 


Green 


31.4 


68.6 


550 


Green 


21.5 


78.5 


575 


Asher 


28.0 


72.0 


595 


Orange 


32.6 


67.4 


620 


Red 


36.4 


63.6 


640 


Red 


44.1 


55.9 


660 


Red 


49.7 


50.3 



Composition of Solution: 

1 fita of dye 

1 gras of sodius car bona ta 

4 grass of crystal line sodium sulfide 

2 Brass of sodius chloride 
Sufficient tap eater to sake one liter 
of solution 

The above solution ess then diluted to yield a concentration 
of five hundredths of a gras of dye per liter of solution,, 
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Table 13. Light absorption Percentages tor 
Sulfogene Tbs 2 PC? 



value of 

1 onochroaatic Filters Color 
(millimicrons) 


Percentage 
Transmission 
of Light 


Percentage 
Absorption 
of Light 


330 


Violet 


36.9 % 


63.1 % 


440 


Blue 


39.8 


60.2 


465 


Blue 


46.3 


51.7 


430 


Green 


57.1 


42.9 


515 


Green 


61.3 


38.2 


550 


Green 


60.4 


19.6 


575 


Asher 


9i.3 


3.7 


595 


orange 


94.6 


5.4 


620 


Bed 


96.0 


4,0 


640 


Bed 


96.9 


3.2 


660 


Bed 


07.2 


2.8 



Composition of Solution: 



1 gran of dye 

1 gras of sodium carbonate 
4 groan of crystalline sodiua sulfids 
3 grams of sodiua ehlorlds 
Sufficient tap rater to asks one litsr 
of solution 

Tbs above solution sas then diluted to yield a concentration 
of firs hundredths of a gras of dys par litsr of solution. 






tit 
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Table 14. Light Absorption Percentages for 

Sulfogeae Direct Bice mCT Cone, 300% 



Value of 

Monochromatic Filter 
(mllllslcross) 


Color 


Percentage 

Transmission 

of Light 


Percentage 
Absorption 
of Light 


390 


Violet 


48.9 % 


51.1 % 


440 


Blue 


54.7 


45.3 


465 


Blue 


53.4 


46.6 


490 


Green 


45.1 


54.9 


515 


Green 


39.7 


60.3 


550 


Green 


33.1 


66.9 


575 


Amber 


36.9 


63.1 


595 


Orange 


40.0 


60.0 


620 


Red 


42.7 


57.3 


640 


Red 


47.4 


52 .6 


660 


Red 


51.3 


4S.7 



Composition of Solution; 



1 gres ot dye 

1 gran of sodltm carbonate 
3 gratae of crystalline sodium sulfide 
3 grass of eodiun chloride 
Sufficient tap eater to mko one liter 
of solution 

The above solution eas then diluted to yield a concentration 
of five hundredths of a gras of dye per liter of solution. 



Table 15. bight Absorption percentages for Sulfegea© 
Brilliant Green GOT Extra Cone. 150% 



Value of 

Moaochroaatle Filter 
(aillialcross) 


Color 


Percentage 
Transmission 
of bight 


Pereas tags 
Absorption 
of bight 


390 


Violet 


61.6 % 


38.4 % 


440 


Blue 


73 . e 


26.2 


465 


Blue 


79.7 


20.3 


490 


Green 


SI .4 


18.6 


515 


Green 


60.0 


20.0 


550 


Green 


67.7 


32.3 


575 


Asber 


55.4 


44.0 


595 


Orange 


52.0 


48 .0 


620 


Bed 


52.4 


47.6 


640 


Bed 


55.5 


44.5 


660 


Bed 


58.5 


41.5 



Composition of Solution: 

1 graa of dye 

1 graa of sodium carbonate 

1 graa of crystalline sodium sulfide 

2 grass of sodltm chloride 
Sufficient tap eater to sake oaa liter 
of solution 

The above solution ess then diluted to yield a concentration 
of flea hundredths of a graa of dye per liter of solution. 
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Table 16* Light Transmissi on Pe rcentages tor 
Sultogaaa Carbon BCF Crains 



Concentration in Gram per Liter 


Percentage Traasalselos 


0*01 


?«.« 


0.02 


50.6 


0*03 


46.3 


0.04 


36.4 


0.05 


27.6 



Cowoosition ot Solution: 

1 gran ot dy© 

1 gra« of sodium carbonate 

3 gram of crystalline sodium sulfids 

2 gram of sodium chloride 
Sufficient tap vetar to make one liter 
of solution 

The solution aas then diluted to yield the working concen- 
trations listed above. 

llenochranetie Filter Used: Violet - 300 millimicrons 

Seale Ratio used: 15 Galvanometer Graduations to 

10 Trsnsmissioa Dial Graduations 



Concentration in Grams per Liter 
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30 40 50 60 70 

Percentage Transmission of Light 



Fig. 4 Sulfogene Carbon HCF Grains 
Concentration vs. Percentage 
Light Transmission. 
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Table IT. Light Transalasicn Percentages for 
Sulfogene Bevy Blue 4F.CP Supra 



Concentration in Gram per Liter 


Percentage Trsnmmlssio* 


0.01 


73.1 


0.02 


54.0 


0.03 


30.5 


0.04 


28.0 


0.05 


21.5 



Composition of Solution: 

1 gran of dye 

1 gran of aodiim carbonate 

4 grans of crystalline sodium sulfide 

2 grans of sodium chloride 

Sufficient tap eater to sake on© liter 
of solution 

The solution ess then diluted to yield the marking concen- 
trations listed shore. 

Kenochroeatic Filter Used: Green - SCO nilllnicrons 

Seale icatio used: 15 Galranoneter Graduations to 

10 Transmission Dial Graduations 



Concentration in Grams per Liter 
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Fig. 5 Sulfogene Navy Blue 4RCF Supra 
Concentration vs. Percentage 
Transmission of Light 



Table 18. Light Traasaissicm percents gea for 
Sulfogsno Tan 2?JCF 



Concentration In Grass per Liter 


Percentage Tra amission 


0.01 


83.1 


0.02 


68.8 


0.03 


56.1 


0.04 


45.5 


0.05 


36.6 



Composition of Solution: 

1 graa of dye 

1 graa of sodlua carbonate 

4 grs as of crystalline sodium sulfide 

2 grass of sodlua chloride 
Sufficient tap eater to moke oa© liter 
of eolutloa 

The eolutloa see then diluted to yield the working concen- 
trations listed above. 

Monochromatic Filter Used: Violet - 380 allliaicrons 

Scale Emtio Used: 15 Galvanometer Graduations to 

10 Transaissioa Dial Graduations 
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0.010 0.015 0.020 0.025 0.030 

Concentration in Grams per Liter 



Fig. 6 Sulfogene Tan 2RCF 

Concentration vs. Percentage 
Transmission of Light 
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Table 10, Light Transmission Percent* gee for 

Sulfogene Direct Blue BECF Cose. 200% 



Concentration in Grams par Liter 


Percentage Transmission 


0*01 


79.2 


0.02 


64.0 


0*03 


51.2 


0.04 


41.0 


0.05 


33.1 



Composition of Solution: 

1 gram of <3y* 

1 free of sodium carbonate 

3 grama of crystalline sodium sulfide 

2 grass of sodium chloride 

The solution see then diluted to yield the working ounces** 
tret lose listed above. 

Monochromatic Filter Used: Green - 550 millimicron* 

Scale Ratio Used: 15 Galvanometer Graduations to 

10 Transmission Dial Graduations 
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Pig. 7 Sulfogene Direct Blue BRCF Cone. 200% 
Concentration vs. percentage 
Transmission of Light 




Table 20. tight Transmission Percentages for Sulfogea* 
Brilliant Croon CCF Extra Cone* 150% 



Concentration in Grans par Liter 


percentage Tra amission 


0.01 


S6.0 


0.02 


77.1 


O.OS 


67.5 


0.04 


58.0 


0.05 


51.5 



Composition of Solution: 

1 gran of dye 

1 gran of sod ion carbonate 

1 gran of crystal lias oodiun nulflda 

2 grans of sodlua chloride 
Sufficient tap vatcr to safes one liter 
of solution 

Tbs solution ana then diluted to yield the corking concen- 
trations listed above. 

Hoaochronatlc Filter Used: Orange - 505 nillinicrons 

Scale Ratio Used: 15 Gelvaaoneter Graduations to 

10 Traasniselon Dial Graduations 



Concentration in Grams per Liter 
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Fig. 8 Sulfogene Brilliant Green GCF Extra . 
Cone. 150% Concentration vs. Per- 
centage Transmission of Light 
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Table SI. Dyebeth Exhaustion for Sulfogene carbon DCF 
Grains at 190 Degress, Fahrenheit, for Sixty 
Minutes 



weight of Tarn (package wumber 1) 

Weight of Dye 

weight of Sodium carbonate 

Weight of Crystalline Sodium Sulfide 

Weight of Sodlua Chloride 

Volume of Dyebeth 



436.00 grams 
42.60 grams 
42.60 grams 
85.20 grams 
85.20 grams 
14.00 liters 



Initial Concentration of Dyebeth 



3.04 gme/L 



Transmission of Light of Exhausted Dyebeth 

(Diluted to one one-hundredth concentration) 60.9 % 



Corresponding Concentration 



1.92 gme/L 



Percentage Exhaustion of Dyebeth 



36.8 % 



Weight of Yarn (package Number 14) 

weight of Dye 

weight of Sodium carbonate 

weight of Crystalline Sodium Sulfide 

Weight of Sodium Chloride 

Volume of Dyebeth 



438.00 grams 
43.80 grams 
43. SO grams 
87.60 grams 
87.60 grams 
14.00 liters 



Xsitlsl Concentration of Dyebath 



3 . 13 gme/L 



Transmission of Light of Exhausted Dyebeth 

(Diluted to one one-hundredth concentration) 61.0 % 

Corresponding Concentre t ion 1.91 gas /L 



Percentage Exhaustion of Dyebath 



39.0 % 



Average Exhaustion of Dyebsths 



37.9 % 
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Table 22. Dyebath Exhaust ioa for Sulfogene Car boa IBC7 
Grains at High Teaperftture 



Tins of Dye lag: Forty minutes (including 15 minute* at 

250 defTMS, F.) 



weight of Tara (package Humber 2) 

Weight of Dye 

Walght of Sodiua Carbons ta 

Waight of Crystalline Sodium gulf Ida 

Waight of Sodium Chloride 

Voluaa of Dyabath 



414.750 graas 
41.475 grams 
41.475 graas 
82.050 grass 
82.350 graas 
14.000 liters 



Initial Concentration of Dyabath 



2.06 gss/L 



Transmission of bight of Exhausted Dyabath 

(Diluted to one one-hundredth concentration) 65.2 % 



Corresponding Concentration 



1.65 gas /L 



Percentage Exhaustion of Dyabath 



44.3 % 



Waight of yarn (Package number 12) 

Waight of Dye 

Waight of Sodium Carbonate 

Weight of Crystalline Sodium Sulfide 

Weight of Sodium Chloride 

Volume of Dyabath 



436.76 grams 
43.67 grams 
43.67 grass 
87.34 grass 
87.34 grass 
14.00 liters 



Initial Concentration of Dyabath 



3.12 gss/L 



Transmission of Light of Exhausted Dyabath 
(Diluted to one ooe-huadredth concentration) 

Corresponding Concentration 

Percentage Exhaustion of Dyabath 



64.3 % 

1.71 gme/L 
45.2 % 



Average Exhaustion of Dysbsths 



44.7 % 



Table 23. Dyebath Exha nation for Sulfogene 
Supra at 190 Degrees. Fahrenheit 
Minutes 



Weight of Yarn (package Wwntoer 3) 

Weight of Dye 

Weight of Sodlun Carbonate 

Weight of Crystallise Sodlua Sulfide 

Weight of Sodlun Chloride 

Volume of Dyebath 

Initial Concentration of Dyebath 

Tranasiselon of Light of Exhausted Dyebath 
(Diluted to one one-hundredth concentration) 

Corresponding Concentration 

Percentage Exhaustion of Dyebath 



Weight of Yarn (Package timber 13) 

Weight of Dye 

Weight of Sod lcm carbonate 

Weight of Crystalline Sodlun Sulfide 

Weight of Sodlun Chloride 

Volune of Dyebath 

Initial Concentration of Dyebath 

Transmission of Light of Exhausted Dyebath 
(Diluted to one one-hundredth concentration) 

Corresponding Concentration 

Percentage Exhaustion of Dyebath 



Average Exhaustion of Dyebetbs 



Navy Blue 4?CF 
. for Sixty 



426.40 ernes 
42.64 grans 
42.84 frane 
170.56 grans 
85.26 grass 
14.00 liters 

3.046 gns/L 



49.7 % 

2.275 gns/L 
25.3 % 



456.00 grans 
45.60 grana 
45.60 grana 
182.40 grana 
•1.20 grans 
14.00 liters 

3.257 gns/L 



47. • % 

2.383 gns/L 
26.7 % 



26.0 % 



67 



Table 24* Dyebeth Exhaustion for Sulfogene 
Supra at High Temperature 

Time of Dyeing: Forty Minutes (Including 15 

250 degrees, F.) 



Weight of Tarn (package Number 4) 

Weight of Dye 

weight of Sodium Carbonate 

Weight of Crystalline Sodium Sulfide 

Weight of Sodium Chloride 

Volume of Dye bath 

Initial Concentration of Dyehath 

Transmission of Light of Exhausted Dyehath 
(Diluted to one one-hundredth concentration) 

Corresponding Concentration 

Percentage Exhaustion of Dyebeth 



weight of Tam (package Humber 16) 

Weight of Dye 

Weight of Sodium Carbonate 

Weight of Crystalline Sodium Sulfide 

Weight of Sodium Chloride 

Volume of Dyebeth 

Initial Concentration of Dyehath 

Transmission of Light of Exhausted Dyebeth 
(Diluted to one ose-huadredth concentration) 

Corresponding Concentration 

Percentage Exhaustion of Dyebeth 



Average Exhaustion of Dyebaths 



Navy Blue 4 DCF 



minutes at 



420,1 grams 

42.01 grams 

42.01 grams 
168,04 grams 

84.02 grams 
14,00 liters 

3.001 gms/L 



54.8 % 

1,845 gms/L 
85,2 % 



440,1 grams 
44,01 grams 

44.01 grams 
176.04 grams 

68.02 grams 
14.00 liters 

3.144 gms/L 



53.0 % 

2.058 gms/L 
34.5 % 



34.* % 
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Table 25. Dyebath Exhaustion for Sulfogfoe Tan 2RCF 

at 190 Degrees, Fahrenheit , for Sixty Minutes 



Haight of tarn (Package Hunber 5) 

Haight of Dye 

Haight of Sod tun carbonate 

Haight of Crystalline Sodium Sulfide 

Might of Sodium Chloride 

Volune of Dyebath 


426.2 grans 
42.62 grans 
42.62 grans 
170.48 grans 
89.24 grans 
14.00 liters 


Initial Concentration of Dyebath 


3.044 gns/L 


Transmission of Light of exhausted Dyebath 
(Diluted to one one-hundredth concentration) 


69.5 % 


Corresponding Concentration 


1.045 gns/L 


Percentage Exhaustion of Dyebath 


36.1 % 


Height of Yarn (Package Hunber 17) 

Height of Dye 

Height of Sodiun carbonate 

Height of Crystalline Sodiua Sulfide 

Height of Sodiun Chloride 

Volume of Dyebath 


446.1 grans 
44.61 grans 
44 .61 grans 
178.44 grans 
69.22 grans 
14.00 liters 


Initial Concentration of Dyebath 


3.186 gns/L 


Tranaalssion of Light of Exhausted Dyebath 
(Diluted to one one-hundredth concentration) 


67.6 % 


Corresponding Concentration 


2.113 gns/L 


Percentage Exhaustion of Dyebath 


34.3 % 


Average Exhaustion of Dyebaths 


35.2 % 



Table 26. Dyebeth Exhaustion for Sulfogene Tan 2RC? 
at High Tenper* ture 



Tiae of Dyeing: Forty ninutea (including 15 minutes 

at 250 degree*, F.) 



Weight of Unt (Package Kuaber 6) 
Weight of Dye 

Weight of Sodlua Carbonate 
Weight of Crystalline Sodiun Sulfide 
Weight of Sodiun Chloride 
VoIubo of Dyebeth 



421.3 gran* 
42.16 gran* 
42.16 grin* 
168.72 grftas 
64.36 grin* 
14.00 liter* 



Initial Concentration of Dyebeth 



3.013 gaa/L 



Trtnaaiaaion of Light of Exhausted Dyebath 

(Diluted to one one-hundredth concentration) 74.0 % 



Corresponding Concentration 



1.603 gaa/L 



Percentage Exhaustion of Dyebeth 



46.8 % 



Weight of Yarn (Package Kuaber 18) 

Weight of Dye 

Weight of Sodlua Carbonate 

Weight of Crystalline Sodlua Sulfide 

Weight of Sodlua Chloride 

Yoluae of Dyebeth 



432.0 grams 
43.2 graaa 
43.2 grass 
172.8 graaa 
86. 4 graaa 
14.0 liters 



Initial Concentration of Dyebeth 



3.086 gaa/L 



Transmission of Light of Exhausted Dyebeth 
(Diluted to one one-hundredth concentration) 

Corresponding Concentration 

Percentage Exhaustion of Dyebeth 



73.6 % 

1.650 gas/L 
46.5 % 



Average Exhaustion of Dyebiths 



46.65 % 
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Table 27* Dyebath Exhaustion for Sulfogene Direct 
Blue WCF Cone. 200%, at 190 Degrees, 
Fahrenheit , for Sixty Minutes 



Height of Vim (Package Husber 7} 
Weight of Dye 

Weight of Sodius Carbonate 
Weight of Crystalline Sodiu* Sulfide 
Weight of Sodium Chloride 
Volume of Dyebath 


405.0 grass 
40.5 gras* 
40.5 grans 
121.5 grans 

81.0 grass 

14.0 liters 


Initial Concentration of Dyebath 


2. €929 gss/L 


Trensnleslon of tight of Exhausted Dye bath 
(Diluted to one one-hundredth concentration) 


63.4 % 


Corresponding Concentration 


2.0375 gss/L 


Percentage Exhaustion of Dyebath 


29.6 % 


Weight of Tarn (Package Number 19) 

Weight of Dye 

Weight of Sodl«M Carbonate 

Weight of Crystalline Soditna Sulfide 

Weight of Sodius Chloride 

Volume of Dyehath 


407.9 grans 
40.79 grans 
40.79 grans 
122.37 grans 
SI. 58 grans 
14.00 liters 


Initial Concentration of Dyebath 


2.9136 gm/h 


Transmission of Light of Exhausted Dyebath 
(Diluted to one one-hundredth concentration) 


66.0 % 


Corresponding Concentration 


1.9275 p*A 


Percentage Exhaustion of Dyebath 


33.8 % 


Average Exhaustion of Dyebath* 


51.7 % 
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Tibi# 28. Dyebath Exhaustion for Sulfogeae 31 roc t B1 ue 
WCF Cone, 200% at High Temperature 



wsight of Tara (package Humber 8) 

Weight of Dye 

Weight of Sodium Carbonate 

Weight of Crystalline Sodium Sulfide 

Weight of Sodium Chloride 

Volume of Dyebath 


419.8 grama 
41,98 grans 
41.es grams 
125.94 grins 
83.96 grams 
14.00 liters 


Initial Concentration of Dyebath 


2«9S8i gms/L 


Transmission of Light of Exhausted Dyebath 
(Diluted to one one-hundredth concentration) 


64.9 % 


Corresponding Concentration 


1.9275 gms/L 


Percentage Exhaustion of Dyebath 


35.7 % 


Weight of Tam (Package Washer 20) 

weight of Dye 

Weight of Sodiun Carbonate 

Weight of Crystalline Sodium Sulfide 

Weight of Sodium Chloride 

Volume of Dyebath 


458.3 grsms 

45.83 grsms 

45.83 grsms 
137.49 grsms 

91.66 grams 
14.09 liters 


Initial Concentration of Dyebath 


3.2736 gss/L 


Transmission of Light of Exhausted Dyebath 
(Diluted to case one-hundredth concentration) 


•2.4 % 


Corresponding Concentration 


3.1125 gms/L 


Percentage Exhaustion of Dyebath 


35.5 % 


Average Exhaustion of Dyebath* 


35.8 % 
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Table 29. Dyabath Extumtioa for Sulfogen* BriUilat 
Green GCF Extrt Cone. 150% «t 190 Degrttf, 
Fahrenheit, for Sixty Minutes 



Weight of Ter a (package lumber 9) 

Weight of Dye 

Weight of Sodius carbonate 

weight of Crystalline Sodite Sulfide 

Weight of Sodius Chloride 

Voluae of Dyebeth 



434.9 grass 
43.49 grass 
43.49 grass 
43.49 grass 
86.98 grass 
14.00 liters 



Initial Concentration of Dyebeth 



3.1064 gas/L 



Transmission of Light of Exhausted Dysbsth 

(Diluted to one one-hundredth concentration) 60.0 % 



Corresponding Cooceatration 



1.7125 gam/it 



Percentage Exhaustion of Dyebeth 



44.9 % 



weight of Tarn (Package Kunber 21) 

Weight of Dye 

Weight of Sodius Carbonate 

Weight of Crystalline Sodius Sulfide 

Weight of Sodius Chloride 

Volume of Dyebeth 



393.5 grass 
39.35 grass 
39.35 grass 
39.35 grass 
78.70 gress 
14.00 liters 



Initial Concentration of Dyebeth 



2.8107 gss/L 



Transmission of Light of Exhausted Dyebeth 
(Diluted to one one-hundredth concentration) 

Corresponding Concentration 

Percentage Exhaustion of Dyebeth 



81.0 % 

1.9125 gss/L 
42.9 % 



Average Exhaustion of Dyebsths 



43.8 % 
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Table 30, Dyebath Cxlxluation for Stilfogene Brilliant 

Cnmn GCY Extra Cone, 150% at High Temperature 



Weight of Tim (nck>c* Wumber 10) 
Weight of Dy* 

Weight of Sodium Carbon* to 
Weight of Crystalline Sodit m Sulfide 
Weight of Sodium Chloride 
Volume of Dyebath 


441.3 grasa 
44.13 grass 
44.13 grams 
44.13 grams 
63.26 grams 
14.00 liters 


Initial Concentration of Dyebath 


3.1521 gme/L 


Transmission of Light of Exhausted Dyebath 
(Diluted to one one-hundredth concentration) 


70.7 % 


Corresponding Concentration 


1.7375 gms/L 


Percentage Exhaustion of Dyebath 


44.2 % 


Weight of Yam (Package Kumber 22) 
weight of Bye 

Wight of Sodium Carbonate 
Weight of Crystalline Sodiu* Sulfide 
Weight of Sodium Chloride 
Volume of Dyebath 


427.0 grass 
42.7 grams 
42.7 grass 
42.7 grams 
42.7 grams 
14.0 liters 


Initial Concentration of Dyebath 


3.0500 gms/L 


Transmission of Light of Exhausted Dyebath 
(Diluted to one one-hundredth concentration) 


81.0 % 


Corresponding Concentration 


1.6125 gms/L 


Percentage Exhaustion of Dyebath 


47.1 % 


Average Exhaustion of Dyebath* 


46.0 % 
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Table SI. Comparison of Eeaidual Strength* of Dyed Tints 



Sulfogeae 

Pyaa 


Korea 1 
Tenoernture 


High 

Temperature 


Carbon KCF Grains 
OrokK-strength Before Dye Ins 
Break-strength After Dyeing 
carnage In Strength 


Package #1 

r.sr ot7" 
1.06 

TO5 lb. losa 


Package #2 
TTCT~TS»7~ 

1.12 

TOI lb. gain 


Htvy Bin# 4JIC7 Supra 

mfovm Dyeing 

Break-Stren, th Attar Dyeing 
Change in Strength 


Package *?3 

T^wnreffr 

1.11 

0.07 lb. gain 


Package #4 
T7l0“ibs“ 
1.09 

TOT lb. loea 


Tan 2SCF 

1£rea&& t reagtk Bafora Dyeing 
Break-Strength After Dyeing 
Change in Strength 


package #5 
130'ffisT 

JCT4 lb. lose 


Package #6 
XT3TTlSe7“ 
1.14 

07 lb. gain 


Direct Blue BRCF 
®^^tres«Tr5afore Dyeing 
Break-Strength After Dyeing 
Change la Strength 


Package #7 
T7I5 TEeT* 
1.13 

TO2 lb. losa 


package #6 
r:W~V5S7' 
1.29 

TOST lb. gain 


Brilliant Green GCF 
Weak-Stre»gth before Dyeing 
Break-Strength After Dyeing 
Change la Strength 


package #9 

T786~TSs7 

1.23 

TO7 lb. gain 


Ptcknga #10 

rrtrm» v 

1.13 

TOST lb. gain 
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